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Abstract

Increased concentrations and activity of plasma cytokines produced by monocytes,
macrophages, and hepatocytes in patients with alcoholic liver diseases, correlate with the
clinical course of liver diseases and are of prognostic value. Especially, high levels of
circulating tumor necrosis factor (TNF)-a have been found to correlate with increased
mortality in alcoholic hepatitis. Moreover, hepatic RANTES was increased in patients with
alcoholic hepatitis. Thus, TNF-a-induced RANTES expression may have acritical rolein
cell-mediated liver injury associated with alcoholic hepatitis. Fibrates are widely used in
the treatment of hyperlipidemiaand lower triglyceride levelsin patients with
hyperlipidemia. Recently, severa groups reported that bezafibrate, one of fibrates, is
effectivein primary biliary cirrhosis treatment. Additionally, it is reported that bezafibrate
is effective in the treatment not only of primary biliary cirrhosis but also of chronic
hepatitis C and tamoxifen-induced non-alcoholic steatohepatitis. We, here, presented that
bezafibrate and fenofibrate repressed TNF-a-induced protein production and mRNA
expression of RANTES in human hepatocyte-derived cells. Luciferase assay showed that
bezafibrate and fenofibrate inhibited RANTES gene expression in response to TNF-a.
Moreover, bezafibrate repressed TNF-a-induced DNA-binding activity of NF-kB. Thus,
fibrates reduced TNF-a-induced NF-kB activation and RANTES expression, possibly
suggesting that fibrates might be inhibitory agents of migration of inflammatory cells by
RANTES to the liver in patients with alcoholic liver diseases. In line of these results, it

might be possible that fibrates are therapeutic agentsin alcoholic liver diseases.
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1. Introduction

Alcohoalic liver diseases are the dominant precursor lesion in those subjects
consuming excessive quantities of alcohol who eventualy develop from fatty liver to
cirrhosis[1-4]. Increased concentrations and activity of plasma cytokines produced by
monocytes, macrophages, and hepatocytes in patients with acoholic liver disease, correlate
with the clinical course of liver disease and are of prognostic value [5-8]. Especialy, high
levels of circulating tumor necrosis factor (TNF)-a have been found to correlate with
increased mortality in acoholic hepatitis [6, 9-11]. Moreover, Rowell et a reported that
hepatic RANTES was increased in patients with alcoholic hepatitis[12]. In experimental
alcoholic liver disease in rats, RANTES was elevated in hepatocytes [13]. RANTES mainly
migrates T lymphocytes to inflamed tissues [14,15] and is produced by fibroblasts, T
lymphocytes, monocytes, and endothelial cells[16]. In addition to those cells, we have
found that bile acids transcriptionally induced RANTES expression in human hepatoma
cells[17]. Theresfter, it isreported that RANTES is induced by TNF-a in T lymphocytes,
pulmonary vascular endothelial cells, bronchial epithelial cells, and granulomacells from
human preovulatory follicle [18-21]. Collectively, severa evidences suggest that
TNF-a-induced RANTES expression may have acritical role in cell-mediated liver injury
associated with alcoholic hepatitis. In fact, immunohistochemica studies of acoholic
cirrhotic livers have indicated that both CD4 and CD8 T lymphocytes can be detected in
expanded portal tracts and in periseptal areas associated with interface hepatitis and
progressive fibrosis [22].

Fibrates are widely used in the treatment of hyperlipidemiaand lower triglyceride
levelsin patients with hyperlipidemia[23,24]. Recently, several groups reported that
bezafibrate, one of fibrates, is effective in primary biliary cirrhosis treatment [25-29]. In
their reports, bezafibrate is more profitable than ursodeoxycholic acid in patients with

primary biliary cirrhosis. Additionally, it is reported that bezafibrate is effective in the
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treatment not only of primary biliary cirrhosis but also of chronic hepatitis C and
tamoxifen-induced non-al coholic steatohepatitis [30,31]. These fibrates promote
[-oxidation and suppress acetyl CoA carboxylase activity in the liver [32]. In addition to
these pharmacological effects, fibrates activate the peroxisome proliferator-activated
receptor (PPAR) a, amember of the nuclear hormone receptor superfamily [33]. These
PPARa. are reported to be involved in cell proliferation and inflammatory response as well
as lipid metabolism [34,35]. We have also reported that fibrates transcriptionally reduced
bile acid-induced RANTES expression in human hepatoma cells, at least in part through
inhibition of both DNA-binding activity and transcriptional activation of NF-xB [36].
However, nobody investigated the effects of fibrates on TNF-a-induced RANTES
expression in hepatocytes. We, here, presented that bezafibrate and fenofibrate repressed
TNF-a-induced RANTES expression in human hepatocyte-derived cells, possibly
suggesting that fibrates might be inhibitory agents of migration of inflammatory cells by

RANTES to the liver in patients with alcoholic liver diseases.

2. Materials and Methods

2.1. Cell culture and Chemical Reagents

Human hepatoma cell line HLE was provided by Japanese Cancer Research
Resources Bank [37]. Cells were cultured in the minimum essential medium supplemented
with 20% fetal calf serum (FCS), 100 pg/ml penicillin, and 100 U/ml streptomycin at 37 °C,
in a humidified atmosphere of 5% CO; in air. Human primary hepatocyte cells were
purchased from Applied Cell Biology Research Institute (Kirkland, WC, USA) and
cultured in the CS-C Serum-Free Medium Kit (Applied Cell Biology Research Institute).

Recombinant human TNF-a was purchased from Boehringer Mannheim Corporation
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(Indianapolis, IN, USA) and dissolved in distilled water. Bezafibrate and fenofibrate were
kindly gifted from Kissei (Tokyo, Jgpan) and Kaken pharmaceutical Co. Ltd (Tokyo,
Japan), respectively and dissolved in dimethyl sulfoxide.

2.2. Enzyme-linked immunoassay (ELISA) for RANTES

HLE cells were grown to confluence in 60 mm collagen-coated culture dishes and
treated with two fibrates in presence or absence of TNF-a.. The supernatants were collected
and analyzed for RANTES content. Levels of RANTES were measured using an RANTES
monoclonal antibody sandwich ELISA employing two anti-RANTES antibodies
recognizing different, non-competing determinants according to the instructions delivered
with the Quantikine Human RANTES Immunoassay (R&D systems, Minneapolis, MN,
USA).

2.3. RNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR)

analysis

Tota RNA was extracted from HLE cells according to the method of
Chomczynski and Sacchi [38], which includes asingle step of acid guanidium thiocyanate
and phenol/chloroform extraction. RNA was quantified spectrophotometrically. Synthesis
of thefirst strand of cDNA and PCR analysis were performed according to instructions
delivered with the RNA PCR Kit (AMV) Ver.2 (TaKaRa, Tokyo, Jgpan) as described
previously [17]. In brief, 500 nanograms of total RNA were subjected to first-strand cDNA
synthesisin a 20 ul reaction containing 10 mM Tris-HCI (pH. 8.3), 50 mM KCI, 5 mM
MgCly, 1 uM of each dNTP, in presence of 2.5 uM random 9 mer nucleotides, 20 U RNase
inhibitor and 5 U avian myeloblastosis virus reverse transcriptase. After completion of

first-strand cDNA synthesis, the reaction was stopped by heat inactivation (5 min, 99°C).
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For RT-PCR analysis, cDNA amounts equivalent to 500 ng of total RNA were subjected to
PCR amplification in a50 ul reaction containing 10 mM Tris-HCI (pH. 8.3), 50 mM KCI, 5
mM MgCly, 200 uM of each dNTP, 20 uM of each primer, and 2.5 U of TaKaRa Tag DNA
polymerase. For RANTES mRNA, samples from HLE cells were amplified at 94°C for 5
min, at 56°C for 90 seconds and at 72°C for 120 seconds, followed by 28 cycles at 94°C for
30 seconds, at 56°C for 90 seconds, and at 72°C for 120 seconds. The following primers
were used for RANTES, sense 5’-GCTGTCATCCTCATTGCTAC-3’, antisense
5-TCCATCCTAGCTCATCTCCA-3’. For GAPDH mRNA, samples from HLE cells were
amplified at 94°C for 5 min, at 56°C for 90 seconds and at 72°C for 120 seconds, followed
by 23 cycles at 94°C for 30 seconds, at 56°C for 90 seconds, and at 72°C for 120 seconds.
The following primers were used for GAPDH, sense
5-ACATCGCTCAGACACCATGG-3’, antisense
5-GTAGTTGAGGTCAATGAAGGG-3’. Samples of 10 pl of the PCR products were
electrophoresed through 1.5% agarose gels and visualized by ethidium bromide. Then, PCR
was performed at different cycle numbers for each primer set to ensure that the assay was in

the linear range for each molecule tested.

2.4. Reporter plasmid and luciferase enzyme assays

RANTES promoter-luciferase reporter plasmid was akind gift from Dr. A. M.
Krensky (Stanford University School of Medicine) and described previously [17]. HLE
cellswere plated in 6-well plastic dishes (IWAKI Glass, Funabashi, Japan) and washed
three times with PBS, then medium was replaced with Opti-MEM medium (Life
Technologies, Inc., Grand Island, NY). Plasmid mixtures were mixed with 4 pl of Trans-IT
lipofection reagent (Life Technologies, Inc.) and added to the culture. After 6 h, the
medium was replaced with fresh medium supplemented with 10% FCS and cells were

treated with TNF-o and fibrates for 24 h. After normalization of transfection efficiency by
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[3-gal actosidase expression, luciferase enzyme activity was determined by Lumat LB9501

(Berthold Japan, Tokyo, Japan).

2.5. Preparation of whole cell extracts and electrophoretic mobility shift assay (EMSA)

Whole cell extracts were prepared as described previously [39]. Briefly, HLE and
human primary hepatocyte cells were washed twice with PBS and incubated in 20 mM
HEPES (pH. 7.9), 350 mM NaCl, 1 mM MgClz, 0.5 mM EDTA, 0.1 mM EGTA, 1%
Nonidet P-40, 0.5 mM dithiothreitol (DTT), and 0.4 mM 4-(2-amino-ethyl)benzenesulfonyl
fluoride hydrochloride (Boehringer Mannheim) on ice at 15 min. After centrifugation at
10,000 g for 20 min, the supernatant was used as awhole cell extract. Equa amounts of
whole cell extracts (10 pg of protein) were incubated with 30,000 cpm of *?P-labeled Hok
oligonucleotide probe for binding NF-xB. Reactions were performed in 20 pl of binding
buffer containing 20 MM HEPES (pH. 8.4), 60 mM KCI, 4% Ficoll,5mM DTT, 1 pg of
bovine serum albumin, and 2 pg of poly(dl-dC), for 20 min at 30 °C. The reaction mixture
was loaded on a 4% polyacrylamide gel and run in 1X Tris-borate-EDTA buffer. The gel
was dried and subjected to autoradiography.

2.6. Statistical analysis

Levels of significance for comparisons between samples were determined using

Student's-t test distribution. Results were expressed as mean + SE.

3. Results

3.1. Fibrates inhibited TNF-a-induced RANTES production in HLE cells
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To exam effects of fibrates on TNF-a-induced RANTES production in HLE cells,
we used two fibrates, bezafibrate and fenofibrate. For the measurement of antigenic
RANTES protein, conditioned mediawere collected from cells treated with bezafibrate or
fenofibrate in addition to TNF-a.. As shown in Fig. 1A, no remarkable changes of RANTES
protein production were shown by 100 uM of bezafibrate or fenofibrate aone for 48 h (lane
2, 3). By contrast, TNF-a significantly increased RANTES protein production in a
dose-dependent manner (Fig.1A, lane 4 — 6 compared with lane 1). Moreover,
TNF-a-induced RANTES proteins in conditioned media were clearly decreased by 100 uM
of either bezafibrate or fenofibrate (Fig. 1A, lane 7, 8). In addition, inhibitory effects of
bezafibrate and fenofibrate on TNF-a-induced RANTES production werein a
dose-dependent manner, and the 1Csp values were 12 uM and 9 UM, respectively (Fig. 1B).
Cdl viability was intact in the medium containing indicated concentrations of TNF-a (data
not shown). In contrast, cell viability was completely intact in the medium containing 300
UM of bezafibrate and fenofibrate (data not shown). Thus, we thought that the TCs, values
for bezafibrate and fenofibrate were more than 300 uM. Next, to examine effects of fibrates
on TNF-a-induced RANTES mRNA expression, RT-PCR was performed. 100 uM of two
fibrates, bezafibrate and fenofibrate, failed to change RANTES mRNA expression in
absence of TNF-a (data not shown). By contrast, TNF-o. up-regulated RANTES mRNA
expression (Fig. 2, lane 2). Additionally, 100 uM of bezafibrate or fenofibrate clearly
reduced TNF-a-induced RANTES mRNA (Fig. 2, lane 3, 4). Thus, we might show that
fibrates diminished TNF-a-induced RANTES production.

3.2. Fibrates down-regulated TNF-a-induced RANTES gene expression in HLE cells

To test effects of fibrates on RANTES gene expression induced by TNF-a.,

luciferase enzyme assay was performed using the reporter plasmid. As shown in Fig. 3,
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bezafibrate or fenofibrate did not change the basal levels of RANTES gene expression (lane
2-5). However, TNF-a-induced RANTES gene expression was significantly
down-regulated by bezafibrate in a dose-dependent manner (Fig. 3 lane 6-9). In addition,
100 uM of fenofibrate also reduced RANTES gene expression at the basa level (Fig. 3,
lane 10 compared with lane 6). These results might indicate that fibrates down-regulated

TNF-a-induced RANTES production at the transcriptional level.

3.3. Fibrates decreased TNF-a-induced DNA-binding activity of NF-xB in human primary
hepatocyte and HLE cells

To study effects of fibrates on TNF-a-induced DNA-binding activity of NF-xB in
human primary hepatocyte and HLE cells, EM SA was performed. As shown in Fig. 4A,
100 uM of bezafibrate inhibited DNA-binding activity of NF-xB induced by 10 ng/ml of
TNF-a for 1 h in human primary hepatocyte cells (lanes 1 - 3). In contrast, bezafibrate
alone did not influence NF-«xB activation in human primary hepatocyte cells (Fig. 4A, lane
4). Thereafter, 100 uM of fenofibrate also repressed DNA-binding activity of NF-xB in
HLE cells (data not shown). These results might infer that fibrates inhibited both NF-xB
activation and RANTES production in response to TNF-a.. Next, to identify the Rel
proteins associated with TNF-o-induced NF-xB-DNA complex, competition and supershift
analyses were performed. We used whole cell extracts from human primary hepatocyte
cells activated by 10 ng/ml of TNF-a for 1 h. Upper and lower bands were successfully
competed using unlabeled NF-kB probe (Fig. 4B, lane 2 compared with lane 1), whereas an
unrelated oligonucleotide was ineffective (Fig. 4B, lane 3). Moreover, upper band was
clearly supershifted by anti-p65 and p50 antibodies, and lower band was supershifted by
anti-p50 antibody but not by anti-p65 antibody (Fig. 4B, lanes 4, 5 compared with lane 1).
In contrast, anti-c-Rel antibody did not supershifted both bands (Fig. 4B, lane 6). Therefore,
TNF-a-induced NF-xB-DNA complexes consisted of p65 and p50 heterodimer.
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4. Discussion

In the present study, we found that fibrates inhibited TNF-a-induced RANTES production
and NF-«B activation in human hepatocyte-derived cells, possibly suggesting that this
pharmacological effect of fibrates might be atherapeutic basis in patients with alcoholic
liver diseases. Nelson et al demonstrated that multiple cis-acting elements interspersed
within the RANTES promoter sequence contribute to promoter activity upon cell activation
[40]. The upstream sequence of the RANTES gene contains anumber of putative cis-acting
elements for transcription factors such as activator protein (AP)-1, NF-interleukin 6, and
NF-xB [40]. In addition, we have presented that NF-«xB is a potent inducer of RANTES
expression in response to bile acidsin hepatocytes [17]. Severa investigators a so showed
that TNF-o induction of RANTES was associated with activation of NF-kB in human
pancreatic cancer cells and astrocytic cells [18, 41-43]. However, Ammit et a reported that
TNF-a-induced RANTES gene expression is mediated via activation of AP-1 and NF-AT
[44.,45]. In hepatocytes, we showed that fibrates inhibited DNA-binding activity of NF-kB.
Thus, it is possible that fibrates inhibited TNF-a-induced protein production and mRNA of
RANTES viaNF-«xB activation. In fact, our previous data revealed that PPARa
overexpression inhibited NF-xB -driven RANTES gene transcription [36]. Moreover,
Delerive et a. have reported that PPARa physically interacts with p65 viaits Rel
homology domain which mediates homo- and heterodimerization and interaction with
inhibitor of NF-xB in human aortic smooth muscle cells [46]. Alternatively, inhibitory
effects might occur through competitive binding of transcriptional coactivators by PPARa
or by PPARa-induced transcription factors. Moreover, longer exposure to fibrates was
found to induce IkBa. mRNA and protein expression in primary smooth muscle cells and

hepatocytes [47]. Future study should investigate these inhibitory effects of fibrates via
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PPARa on TNF-a-induced RANTES expression in human hepatocytes.

Specific genetic polymorphisms have been detected in patients with alcoholic liver
disease, most notably mutations in the TNF promoter and mutations in
alcohol-metabolizing enzyme systems [48]. Under these condition, it is suggested that
TNF-a production by peripheral blood monocytes and Kupffer cellsin patients with
alcoholic hepatitisis easily increased, suggesting that such patients may have alower
threshold for TNF release in the presence of endotoxin [49]. Additionally, a cohol-induced
TNF-a isrelated to hepatocyte-apoptosis and has an important role in toxic- and
cell-mediated hepatic injury [50,51].

In summary, we indicate that fibrates decreased TNF-a.-induced RANTES gene
expression in human hepatocyte-derived cells, possibly at least in part, through inhibition
of NF-kB activation, suggesting that fibrates are inhibitory agents of migration of

inflammatory cells by RANTES to the liver in patients with alcoholic liver diseases.

Acknowledgements

We wish to thank Dr. Alan M. Krensky (Stanford University School of Medicine)
for kindly gifting the plasmid construct. This work was supported in part by agrant from
the Ministry of Education, Science, Sports, and Culture of Japan, to Fuminori Hirano (No.

12470117).



F. Hirano, et al. page 12

References

[1] Scherlock S. Alcohol-related liver disease. Br Med Bull 1982;38:67-70.

[2] Lieber CS, DeCarli LM, Sorrell MF. Experimental methods of ethanol administration.
Hepatology 1989;10:501-510.

[3] Hall PD. Pathological spectrum of alcoholic liver disease. Alcohol 1994;suppl.
2:303-313.

[4] Lieber CS. Alcoholic liver injury: pathogenesis and therapy in 2001. Pathol Biol
2001,49:738-752.

[5] McClain CJ, Cohen DA, Dinarello CA, Cannon JG, Shedlofsky SI, Kaplan AM. Serum
interleukin-1 (IL-1) activity in acoholic hepatitis. Life Sci 1986;39:1479-1485.

[6] Bird GL, Sheron N, GokaAK, Alexander GJ, Williams RS. Increased plasma tumor
necrosis factor in severe acoholic hepatitis. Ann Intern Med 1990;112:917-920.

[7] Tilg H, Wilmer A, Vogel W, Herold M, Nolchen B, et a. Serum levels of cytokinesin
chronic liver diseases. Gastroenterology 1992;103:264-274.

[8] Daniluk J, Szuster-CiesielskaA, Drabko J, Kandefer-Szerszen M. Serum cytokine
levelsin alcohol-related liver cirrhosis. Alcohol 2001;23:29-34.

[9] Felver ME, Mezey E, McGuire M, Mitchell MC, Herlong HF, et al. Plasma tumor
necrosis factor a predicts decreased long-term survival in severe alcoholic hepatitis.
Alcohol Clin Exp Res 1990;14:255-259.

[10] KhorutsA, Stahnke L, McClain CJ, Logan G, Allen JI. Circulating tumor necrosis
factor, interleukin-1 and interleukin-6 concentrations in chronic alcoholic patients.
Hepatology 1991;13:267-276.

[11] Menon KV, Gores GJ, Shah VH. Pathogenesis, diagnosis, and treatment of alcoholic
liver disease. Mayo Clin Proc 2001;76:1021-1029.

[12] Maltby J, Wright S, Bird G, Sheron N. Chemokine levels in human liver homogenates:

associ ations between GROa and histopathological evidence of alcoholic hepatitis.



F. Hirano, et al. page 13

Hepatology 1996;24:1156-1160.

[13] Nanji AA, Jokelainen K, RahemtullaA, Miao L, Fogt F, et a. Activation of nuclear
factor kB and cytokine imbalance in experimental alcoholic liver disease in the rat.
Hepatology 1999;30:934-943.

[14] Schall TJ, Bacon K, Toy KJ, Goeddel DV. Selective attraction of monocytes and T
lymphocytes of the memory phenotype by cytokine RANTES. Nature
1990;347:669-671.

[15] Ward SG Bacon K, Westwick J. Chemokines and T lymphocytes: more than an
attraction. Immunity 1998;9:1-11.

[16] Schall TJ. Biology of the RANTES/SIS cytokine family. Cytokine 1991;3:165-183.

[17] Hirano F, Kobayashi A, Hirano Y, NomuraY, Fukawa E, Makino I. Bile acids regul ate

RANTES gene expression through its cognate NF-xB binding sites. Biochem Biophys

Res Commun 2001,;288:1095-1101.

[18] Moriuchi H, Moriuchi M, Fauci AS. Nuclear factor-«B potently up-regulates the
promoter activity of RANTES, a chemokine that blocks HIV infection. J Immunol
1997;158:3483-3491.

[19] Hashimoto S, Gon Y, Asai Y, Asal Y, Machino T, et al. p38 MAP kinase regul ates
RANTES production by TNF-a-stimulated human pulmonary vascular endothelial
cells. Allergy 1999;54:1168-1172.

[20] Hashimoto S, Matsumoto K, Gon Y, Maruoka S, Kujime K, et a. p38 MAPkinase
regulates TNFa-, IL-1a- and PAF-induced RANTES and GM-CSF production by
human bronchial epithelia cells. Clin Exp Allergy 2000;30:48-55.

[21] Machelon V, Nome F, Emilie D. Regulated on activation normal T expressed and
secreted chemokine is induced by tumor necrosis factor-a in granulosa cells from
human preovulatory follicle. J Clin Endocrinol Metab 2000;85:417-424.

[22] Chedid A, Mendenhall CL, Moritz TE, French SW, Chen TS, et a. Cell-mediated

hepatic injury in alcoholic liver disease. Veterans Affairs Cooperative Study Group 275.



F. Hirano, etal. page 14

Gastroenterology 1993;105:254-266.

[23] Steels B, Dallongeville J, Auwerx J, Schoonjans K, L eitersdorf E, Fruchart JC.

M echanism of action of fibrates on lipid and lipoprotein metabolism. Circulation
1998;98:2088-2093.

[24] Grundy SM, Vega GL. Fibric acids: effects on lipids and lipoprotein metabolism. Am J
Med 1987;83:9-20.

[25] Iwasaki S, TsudaK, UetaH, Aono R, Ono M, et a. Bezafibrate may have a beneficial
effect in precirrhotic primary biliary cirrhosis. Hepatol Res 1999;16:12-18.

[26] KuriharaT, Niimi A, MaedaA, Shigemoto M, YamashitaK. Bezafibrate in the
treatment of primary biliary cirrhosis: comparison with ursodeoxycholic acid. Am J
Gastroenterol 2000;95:2990-2992.

[27] N&kai S, Masaki T, Kurokohchi K, Deguchi A, Nishioka M. Combination therapy of
bezafibrate and ursodeoxycholic acid in primary biliary cirrhosis: A preliminary study. Am
J Gastroenterol 2000;95:326-327.

[28] Miyaguchi S, EbinumaH, ImaedaH, Nitta, Watanabe T, et al. A novel treatment for
refractory primary biliary cirrhosis? Hepatogastroenterology 2000;47:1518-1521.

[29] Ohmoto K, Mitsui Y, Yamamoto S. Effect of bezafibrate in primary biliary cirrhoss. a
pilot study. Liver 2001;21:223-224.

[30] KuriharaT, Niimi A, MaedaA, Shigemoto M, Yamashita K. Study of effectiveness of
bezafibrate in the treatment of chronic hepatitis C. Am J Gastroenterol
2001,96:1659-1960.

[31] SaibaraT, Onishi S, OgawaY, Yoshida S, Enzan H. Bezafibrate for tamoxifen-induced
non-al coholic steatohepatitis. Lancet 1999;353:1802.

[32] Schoonjans K, Staels B, Auwerx J. Role of the peroxisome proliferator-activated
receptor (PPAR) in mediating the effects of fibrates and fatty acids on gene expression.
JLipid Res 1996;37:907-925.

[33] Issemann |, Green S. Activation of a member of the nuclear hormone receptor superfamily



F. Hirano, et al. page 15

by peroxisome proliferators. Nature 1990;347:645-650.

[34] Desvergne B, Wahli W. Peroxisome proliferator-activated receptors: nuclear control of
metabolism. Endocrine Rev 1999;20:649-688.

[35] Delerive P, Fruchart J-C, Staels B. Peroxisome proliferator-activated receptorsin
inflammation control. J Endocrinol 2001;169:453-459.

[36] Hirano Y, Hirano F, Fujii H, Makino I. Fibrates suppress chenodeoxycholic
acid-induced RANTES expression through inhibition of NF-xB activation. Eur J
Pharmacol 2002;448:19-26.

[37] Dai I. Establishment of acell line and its clona sublines from a patient with
hepatoblastoma. Gann 1976;67:1-10.

[38] Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid guanidinium
thiocyanate-phenol-chloroform extraction. Anal Biochem;162:156-159.

[39] Hirano F, Chung M, Tanaka H, MaruyamaN, Makino I, et al. Alternative splicing
variants of 1kBf establish differential NF-xB signa responsiveness in human cells.
Mol Cell Biol 1998;18:2596-2607.

[40] Nelson PJ, Kim HT, Manning WC, Goraski TJ, Krensky AM. Genomic organization
and transcriptional regulation of the RANTES chemokine gene. J Immunol
1993;151:2601-2612.

[41] TakayaH, Andoh A, ShimadaM, HataK, FujiyamaY, BambaT. The expression of
chemokine genes correlates with nuclear factor-«B activation in human pancreatic
cancer cell lines. Pancreas 2000;21:32-40.

[42] Li QQ, Burt DR, Bever CT. Glatiramer acetate inhibition of tumor necrosis
factor-a-induced RANTES expression and release from U-251 MG human astrocytic
cells. JNeurochem 2001;77:1208-1217.

[43] Li QQ, Bever CT, Burt DR, Judge Sl, Trisler GD. Induction of RANTES chemokine
expression in human astrocytic cells is dependent upon activation of NF-xB

transcription factor. Int JMol Med 2001;7:527-533.



F. Hirano, et al. page 16

[44] Ammit AJ, Hoffman RK, Amrani Y, Lazaar AL, Hay DW, et a. Tumor necrosis
factor-a-induced secretion of RANTES and interleukin-6 from human airway
smooth-muscle cells. Modulation by cyclic adenosine monophosphate. Am J Respir
Cell Mol Biol 2000;23:794-802.

[45] Ammit AJ, Lazaar AL, Irani C, O'Neill GM, Gordon ND, et a. Tumor necrosis
factor-a-induced secretion of RANTES and interleukin-6 from human airway smooth
muscle cells: modulation by glucocorticoids and beta-agonists. Am J Respir Cell Mol
Biol 2002;26:465-474.

[46] Delerive P, De Bosscher K, Besnard S, Vanden Berghe W, Peters JM, et al. Peroxisome
proliferator-activated receptor o negatively regulates the vascular inflammatory gene
response by negative cross-talk with transcription factors NF-xB and AP-1. JBiol
Chem 1999;274: 32048-32054.

[47] Delerive P, Gervois P, Fruchart JC, Staels B. Induction of 1kBa. expression asa
mechanism contributing to the anti-inflammatory activities of peroxisome
proliferator-activated receptor-a activators. J Biol Chem 2000;275:36703-36707.

[48] Grove J, Daly AK, Bassendine MF, Day CP. Association of atumor necrosis factor
promoter polymorphism with susceptibility to alcoholic steatohepatitis. Hepatol ogy
1997;26:143-146.

[49] McClain CJ, Cohen DA. Increased tumor necrosis factor production by monocytes in
alcoholic hepatitis. Hepatology 1989;9:349-351.

[50] Neuman MG, Shear NH, Cameron RG, Katz G Tiribelli C. Ethanol-induced apoptosis
in vitro. Clin Biochem 1999;32:547-555.

[51] Faubion WA, Gores GJ. Death receptorsin liver biology and pathobiology. Hepatology
1999;29:1-4.



F. Hirano, etal. page 17

Legend for Figures

Fig. 1

Effect of fibrates on TNF-a-induced RANTES protein in HLE cells. ELISA was performed
using conditioned media as described in Materials and methods. Conditioned mediawere
collected after treatment with the indicated concentration of TNF-a and/or of bezafibrate
and fenofibrate for 48 h. Experiments were performed quadruplicately. Results were
presented as mean + SE of three independent experiments. A: Effects of fibrates. *, p <
0.05v.s.laneland f,p<0.05v.s. lane 6. B: Dose-dependency. *, p<0.05v. s. 0 uM of

bezafibrate or fenofibrate.

Fig. 2

Effect of fibrates on TNF-a-induced RANTES mRNA expression. RT-PCR analysiswas
performed using total RNA in HLE cells as described in Materials and methods. Cells were
treated with 10 ng/ml of TNF-a. and 100 uM of bezéfibrate or fenofibrate for 24 h. GAPDH
was used as an internal control. (Bottom) Densitometric quantification of RANTES mRNA
/ GAPDH mRNA ratio. RANTES mRNA / GAPDH mRNA ratio in unstimulated cells was
taken as 1.0.

Fig.3

Effects of bezafibrate and fenofibrate on TNF-a-induced RANTES gene expression. Cells
were transfected by lipofection with 1 pg of areporter plasmid containing the RANTES
promoter. After transfection, cells were co-incubated with 10 ng/ml of TNF-a and/or the
indicated concentration of bezafibrate and 100 uM of fenofibrate. After 24 h, cellular
extracts were prepared for luciferase enzyme assay. Experiments were performed
quadruplicately. Levels of luciferase activity of areporter plasmid aone in unstimul ated

cellswere taken as 1.0 (lane 1). Results were mean £ SE of three independent experiments.
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* p<0.05v.s. laneb.

Fig. 4

Effect of bezafibrate on TNF-a-induced DNA-binding activity of NF-kB in human primary
hepatocyte cells. A: Effect of bezafibrate on TNF-a-induced NF-xB activation. Cells were
treated with 10 ng/ml of TNF-a. and/or 100 uM of bezafibrate for 1 h. After preparation of
whole cell extract, EMSA was performed using Hzk oligonucleotides for a probe as
described in Materials and methods. Specific NF-kB bands and free DNA were shown as
closed and open triangles, respectively. Data was representative of three similar
experiments. B: Competition and supershift anaysis. For competition (comp), EM SA was
performed using specific (SC) unlabelled NF-xB probe or nonspecific (NC)
oligonucleotides on extracts obtained following 1 h of 10 ng/ml of TNF-a. For supershift
analysis, EM SA was performed using anti-p65, p50 or c-Rel antibody (Ab) on extracts
obtained following 1 h of 10 ng/ml of TNF-a.. Specific NF-xB band (p65/p50 or p50/p50)
and free DNA are shown as closed and open triangles, respectively. Data is representative

of three similar experiments.
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